Background: Vitamin K inhibitors (e.g. warfarin) and indirect thrombin inhibitors (e.g. heparin) are widely used to prevent thromboembolic disorders (e.g. myocardial infarction, venous thromboembolism, and stroke). These agents have been mainstays of anticoagulation for people older than 60 years. However, their administration is associated with a risk of bleeding and requires careful monitoring of patients. Novel oral anticoagulants (NOACs), such as dabigatran, are significantly safer in preventing thromboembolism than warfarin and heparin (sporadically causes thrombocytopenia) and are more specific for their target protein, thrombin. The major advantage of dabigatran, a direct thrombin inhibitor, is that it reversibly inhibits both free and clot-bound thrombin by tight binding affinity and the predictable pharmacodynamic effect. A few studies, however, reported that dabigatran can cause thrombocytopenia, although the underlying mechanism remains unclear. Thus, an antidote for dabigatran was developed to prevent thrombocytopenia. Case presentation: In this report, we discuss two cases of thrombocytopenia and purpura after dabigatran treatment. A 73-year-old man showed hemorrhagic necrotic skin lesions on his neck and right hand. He was administered dabigatran (220 mg/day) for cerebral infarction for three days and his platelet count decreased abruptly (6000/μL). This suggested that dabigatran had caused thrombocytopenia and purpura; therefore, dabigatran administration was discontinued. The results of a blood test, performed 14 days after stopping dabigatran treatment, showed that the platelet count had recovered to the normal range of more than 150,000/μL. A 75-year-old woman had taken warfarin continuously for 8 years. However, she had a new cerebral infarction. Therefore, warfarin treatment was replaced with dabigatran (300 mg/ day). Her platelet count decreased (41,000/μL) significantly and dabigatran treatment was discontinued. The blood test results show that platelet counts gradually recovered to the normal range. Conclusions: Dabigatran application may cause bleeding; therefore, careful monitoring during dabigatran treatment is required to prevent thrombocytopenia. An explanation is that the interaction of dabigatran with thrombin, because of its strong binding affinity, may cause the observed thrombocytopenia.
Background
Thromboembolic disorders are a major cause of myocardial infarction, venous thromboembolism, and stroke secondary to hypercoagulation [1, 2] . Warfarin, a vitamin K antagonist, and heparin, an indirect thrombin inhibitor, were used for many years to achieve anticoagulation, although, these treatments can occasionally cause bleeding given their narrow therapeutic window and nonspecific interactions [3, 4] . Novel oral anticoagulants (NOACs) work rapidly, with minimal interactions with food and/or medication and allow the prediction of anticoagulation without intense monitoring. Dabigatran, a reversible and a direct thrombin inhibitor, was demonstrated to have a better safety profile than heparin, which sporadically causes thrombocytopenia [5] . Some studies, however, reported that dabigatran can cause thrombocytopenia, although the underlying mechanism remains unclear [6] . Herein, we report two cases of thromboembolism and purpura after dabigatran treatment and discuss the clinical features and possible underlying mechanisms.
Case presentation
A 73-year-old man was referred to our neurology clinic because of bruises on the back of the hands and chin with multiple petechiae that appeared 3 days before admission. Hemorrhagic necrotic skin lesions were detected on his neck and right hand by physical examination (Fig. 1a-b) . For the past 5 years, he had undergone hypertension treatment and gout treatment for the last year. Cerebral infarction occurred on his left frontal lobe two weeks prior to admission, and permanent atrial fibrillation was identified by 24-h Holter test. Dabigatran (220 mg/day) was prescribed when he was hospitalized. He did not present any abnormal vital signs or neurological disorders. On day 15 after starting dabigatran treatment the blood tests showed that white blood cell, red blood cell, hemoglobin, hematocrit, and platelets counts were 5800/μL, 2890/μL, 9.3 g/dl, 27.8%, and 6000/μL, respectively, indicating that the number of platelets had decreased dramatically (Fig. 2a) . A peripheral blood smear test showed severe thrombocytopenia without anisocytosis. A blood test performed 5 months earlier at the clinic demonstrated that the platelet count (164,000/μL) and antiplatelet antibody were within normal physiological range. Prothrombin time and activated partial thromboplastin time results were normal. There was no evidence of pseudothrombocytopenia. We suspected that dabigatran caused thrombocytopenia and purpura, and thus discontinued the dabigatran treatment. After 14 days the blood test indicated that the platelet count was again within the normal range (152,000/μL) (Fig. 2a) .
A 75-year-old woman had taken warfarin continuously for 8 years with stable International Normal Ratio (INR) since she was diagnosed with cerebral infarction and hypertension. This patient was referred to our clinic because of new development of acute aphasia and right hemiplegia. A new cerebral infarction was monitored in the left middle cerebral artery territory, which was confirmed by magnetic resonance imaging. At hospitalization, her platelet count (176,000/μL) and antiplatelet antibody were normal. The patient did not show any critical petechiae or abnormal vital signs. A transthoracic echocardiography was conducted after admission with no abnormal findings except for permanent atrial fibrillation. Therefore, we changed treatment drug from warfarin to dabigatran (300 mg/day), although she was within the therapeutic warfarin range 65.7% at that time [3] . On day 4 of dabigatran treatment, the blood tests showed a marked decrease in platelets (41,000/μL, Fig. 2b) , although other results including white blood cell count (6100/μL), red blood cell count (3190/μL), hemoglobin levels (10.4 g/dL), and hematocrit levels (29.3%), were within the physiological range. Prothrombin time and activated partial thromboplastin time were optimal. Thus, dabigatran can cause thrombocytopenia and therefore dabigatran treatment was discontinued. Blood tests conducted 11 days after dabigatran discontinuation showed a platelet count of 134,000/μL, indicating a gradual recovery. In this case, warfarin treatment showed good clinical results and was effective for this patient.
Discussion and conclusions
The recently introduced new oral anticoagulant (NOACs), dabigatran etexilate, is a potent non-peptidic thrombin inhibitor that reversibly binds to the active site of thrombin to prevent the formation of fibrin clots [7] [8] [9] [10] . The clinical recommendations for dabigatran use and therapeutic safety based on its dosing regimen were established in preliminary pharmacokinetics and pharmacodynamics studies [5, 8, [11] [12] [13] . Despite the development of NOACs, such as dabigatran, the risk of bleeding remains a major concern during clinical treatment. The case report by Deidda et al. indicated that thrombocytopenia is rarely caused by dabigatran, but the possibility of a life-threatening complication was suggested [6] . Given the short half-life of the interaction between dabigatran and thrombin (Fig. 3a) , combination treatment with a vitamin K inhibitor and factor Xa inhibitor, such as apixaban, (Fig. 3b) was [12] [13] [14] . Idarucizumab was developed as an antidote for dabigatran to avoid hemorrhage via the reversal of anticoagulant effects. This antidote has a 300-fold stronger binding affinity to thrombin than dabigatran, and it can avoid critical bleeding secondary to anticoagulation [2, 10, 15, 16] . Recent reports also proposed a heparin-induced thrombocytopenia (HIT) mechanism which demonstrates a relationship of pathogenic antibodies and the complex generation between platelet factor 4 (PF4) and heparin [17] . This complex triggers a signaling cascade, which induces severe complications. So, further research is required to understand the interaction between NOACs and their receptors.
We postulate that dabigatran can lead to hemorrhagic events because of its strong binding affinity, although it selectively and specifically interacts with thrombin. The dissociation constant (K d ) of dabigatran is a reflection of its very strong binding affinity, with a sub-nanomolar range [7, 12, 14] . Based on the X-ray crystallography analysis, the structure of dabigatran generates specific interaction with the surface of thrombin through hydrophobic and hydrophilic bonds. Computational studies of the dabigatran-thrombin complex showed hydrogen bonds with nitrogen and oxygen atoms (Fig. 3a) . Additionally, the hydrophobic cores, such as benzimidazole and pyridine, are an important scaffold acting as a pharmacophore for its anticoagulant activity [2, 11] . The carboxylate group in dabigatran can generate hydrogen bonds with free water and other molecules that help to release dabigatran. The reversal of dabigatran activity is based on the pharmacokinetic and physical properties of these carboxylic acids. The amidino groups generate hydrogen bonds with the aspartate189 (Asp189) residue of thrombin. Based on the present cases, we conclude that dabigatran can possibly cause thrombocytopenia Fig. 2 Course of thrombocytopenia caused by dabigatran in patient 1 and 2. Platelet counts were gradually recovered after discontinuation of dabigatran Fig. 3 Active sites of (a) Dabigatran-thrombin (PDB accession: 4YHI) and (b) Apixaban-factor Xa (PDB accession: 2P16). These inhibitors generate specific interactions to their target enzymes to prevent anti-coagulation. The hydrophobic and hydrophobic pharmacophores interact to their target enzymes. Blue, red, and gray represent the nitrogen, oxygen, and carbon atoms and careful monitoring is required during dabigatran treatment to avoid possible side-effects such as hemorrhagic evets.
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